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(54) Inspiratory tube 

(57) An inspiratory tube (6) intended to serve as at 
least part of an inspiratory tube in a ventilator (4), com- 
prising a wall, a distal end (6A), a proximal end, a gas 
flow channel (18) for carrying a flow of breathing gas 
and an opening (50) in the wall (19) at a specific dis- 
tance from one end (6A) of the inspiratory tube (6), said 
opening (50) being devised for connection of an expira- 
tory device (40), is described. The inspiratory tube (6) 
achieves increased functionality and user-friendliness 
when it is devised with a constriction (28) in the gas flow 
channel (18) between one end (6A) of the inspiratory 
tube (6) and the opening (50), a first channel (26) that 



6A 



runs inside the wall, essentially parallel to the gas flow 
channel (18), and opens into the gas flow channel (18) 
between the distal end (6A) of the inspiratory tube (6) 
and the constriction (28), and a second channel (24) 
that runs inside the wall, essentially parallel to the gas 
flow channel (18), and opens into the gas flow channel 
(18) between the constriction (28) and the opening (50). 
The channels (24, 26) can be connected to a pressure 
gauge (22, 30) for determining the gas flow's rate of flow 
and pressure. 
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Description 



[0001] The present invention relates to an inspiratory 
tube according to the preamble to claim 1 . 
[0002] One such inspiratory tube, connected to a ven- 
tilator, is described in WO 94/06499. The ventilator 
comprises an inspiratory tube in the form of an inspira- 
tory limb, connected to a source of gas at one end and 
to the patient at the other end. At a specific distance 
from the patient, an expiratory valve is connected to the 
inspiratory limb. A pressure gauge and a flow meter are 
arranged in the inspiratory limb, between the source of 
gas and the expiratory valve, to measure pressure and 
flow in same. A control unit controls the entire ventilator 
The known ventilator is mainly intended for use as a 
home care ventilator, i.e. a respirator a patient can use 
at home. 

[0003] Interest in home care ventilators is steadily 
increasing. This is because the device is advantageous 
to the patient, who is able to be at home and can enjoy 
a greater degree of mobility. There are also public 
health advantages, since it would free up hospital 
resources by reducing in-patient treatment time, beds in 
intensive care being particularly expensive. This tvpe of 
ventilator can be battery-powered and is then some- 
times referred to as a 'portable' ventilator. This means 
that they are usually so heavy that they can only be car- 
ried around with some difficulty, even by healthy people 
[0004] A fully portable ventilator, i.e. a ventilator 
(weighing up to 1 kg and preferably less than 500 g) the 
patient is easily able to carry around, with a capacity 
sufficient to provide respiratory assistance for several 
hours would be even more desirable for patients Minia- 
turising a ventilator to this extent, employing modern tur- 
bine, battery and microprocessor technology etc is 
fully feasible. One important factor in this process would 
then be to minimise the number of parts to the greatest 
possible extent. An ability to receive all the required 
information on functions with no need for extensive 
additional equipment, such as extra tubing etc would 
also be desirable. Such a fully portable ventilator would 
suit virtually every kind of patient, it could even be used 
as an emergency ventilator for a number of applications 
and be included in the basic equipment of e.g. aircraft 
buses, boats, ambulances, fire engines etc. 
[0005] The known inspiratory tube described above 
has limitations, since a plurality of connectors are 
needed for the pressure gauge and flow meter The 
known inspiratory tube also has a design that limits its 
usefulness and makes necessary the use of separate 
gas sources or special valve systems for controlling the 
expiratory valve etc. connected to the inspiratory tube. 
[0006] One object of the invention is to achieve an 
inspiratory tube that can be used in a simple and safe 
fashion for a plurality of functions with no need for spe- 
cial, additional tubing. 

[0007] Another object of the invention is to achieve an 
inspiratory tube that is primarily suitable for miniaturisa- 



tion into a fully portable ventilator. 

[0008] These objects are achieved in accordance with 
the invention in that the inspiratory tube as described 
above comprises the features set forth in the character- 
s' ising part of claim 1. 

[0009] A number of advantages are achieved when 
the inspiratory valve is devised with a constriction in the 
gas flow channel, between one end of the inspiratory 
tube and an opening for an expiratory device, and chan- 
10 nels that run inside the wall of the inspiratory tube and 
open onto either side of the constriction. The pressure 
gauge/flow meter can be connected to the channels and 
measure pressure/flow between the expiratory valve 
and the distal end of the inspiratory tube, i.e. close to 
»s the patient. These measurements are a prerequisite for 
a control unit to calculate and regulate a flow of gas in 
such a way that the flow of gas maintains a PEEP for the 
patient when the tube is used with a ventilator. 
[0010] The ability to locate pressuren*low measure- 
so ment facilities near the patient means that every attempt 
by the patient to take a breath can be sensed in a simple 
and reliable fashion. A new inhalation (inspiration) by 
the patient can then be quickly supported, since there is 
already a flow of breathing gas at the expiratory valve. 
es So an inspiratory flow of gas at a specific pressure and 
with a specific flow profile can be quickly generated and 
delivered to the patient when this valve is closed. This 
rapid response to an attempt at inspiration is not availa- 
ble with the described, known inspiratory tube and ven- 
30 tilator. 

[001 1 ] Additional advantageous embodiments of the 
inspiratory tube will be evident from the dependent 
claims to claim 1. 

[001 2] The inspiratory tube can therefore be devised 
as with a dispensing channel arranged in its wall essen- 
tially parallel to the gas flow channel, and the dispens- 
ing channel is arranged with an opening into the gas 
flow channel between the opening and the distal end of 
the inspiratory tube. The dispensing channel can also 
*o be connected to a dispensing unit for dispensing an 
additive gas into the gas flow channel. 
[0013] In the corresponding manner, an additional 
channel, from which gas samples can be extracted, can 
be arranged in the wall of the inspiratory channel. This 
45 channel can appropriately open into the gas flow chan- 
nel between the opening and the distal end. 
[0014] The constriction can appropriately be devised 
as an integral part of the inspiratory tube. 
[0015] An expiratory control channel can also be 
so arranged in the wall, essentially parallel to the gas flow 
channel, and devised with an opening into atmosphere 
between the opening and the inspiratory tube's proximal 
end. The expiratory control channel can be connected 
to an expiratory valve and a source of compressed gas 
ss for controlling expiratory phases. 

[0016] The different channels run appropriately 
through one or more reinforcements of the wall of the 
inspiratory tube. These reinforcements can be devised 
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so the cross-section of the inspiratory tube is unique 
and so the tube can only be connected to the ventilator 
in one way. 

[0017] One embodiment of the inspiratory tube 
according to the invention will be described below in 
greater detail, referring to the following figures: 

FIG. 1 shows the use of an inspiratory tube accord- 
ing to the invention in a fully portable ventilator; 
FIG. 2 shows part of the inspiratory tube; 
FIG. 3 shows a cross-section o1 the inspiratory 
tube; 

FIG. 4 shows an embodiment of a ventilator with a 
connected inspiratory tube; and 
FIG. 5 shows the inspiratory tube according to FIG. 
2 with a connected expiratory device. 

[001 8J FIG. 1 shows how a patient 2 can become 
almost completely mobile with the aid of a fully portable 
ventilator 4. The patient 2 is connected to the ventilator 
4 via an inspiratory tube 6 in an appropriate manner. A 
connection from the inspiratory tube 6 to the patient 2 
via the nose is preferable with the fully portable ventila- 
tor 4, since the patient 2 would then find it easier to 
speak and communicate with others. It should be noted 
that the inspiratory tube 6 can also be attached in other 
ways, e.g. via a face mask, tracheal tube or tracheos- 
tomy/tracheotomy tube. The latter options are prefera- 
ble when the ventilator is used for emergency cases or 
with patients 2 in need of stronger breathing support. 
[0019] FIGS. 2 and 3 show details of the inspiratory 
tube 6. It should be noted that the inspiratory tube 6 
could consist of a complete inspiratory line or be a part 
of an inspiratory line in a ventilator system. The design 
of the inspiratory tube 6 makes it particularly suitable for 
portable ventilator systems. 

[0020] The inspiratory tube 6 according to the inven- 
tion comprises a gas flow channel 18 surrounded by a 
casing or wall 1 9. An opening 50 is arranged at a spe- 
cific distance from the distal end 6A of the inspiratory 
tube 6. An expiratory device (described below) can be 
connected to this opening 50. A constriction 28 is 
arranged in the gas flow channel 18 between the open- 
ing 50 and the distal end 6A. The constriction 28 causes 
a drop in the pressure of passing gas, the drop being 
proportional to the rate of flow. This accordingly makes 
it possible to measure both flow and pressure near the 
distal end 6A (to which a patient is attached when the 
inspiratory tube 6 is used) in a simple, space-saving 
fashion. 

[0021] The wall 1 9 is devised with reinforcements 21 , 
23 on the upper and lower sides of the inspiratory tube 
6 to provide space for a plurality of channels. These 
reinforcements 21 , 23 (and distrtoutjon of the channels 
around the gas flow channel 18) can naturally be 
devised in virtually any fashion but are advantageously 
asymmetrical or arranged in such a way that the inspir- 
atory tube's 6 cross-section is unique. Thir design then 



functions as key-indexing to guarantee correct connec- 
tion of the inspiratory tube 6 to a ventilator or some 
other device intended for the inspiratory tube 6, 
[0022] Thus, a first channel 24 runs through the upper 

s reinforcement. The first channel 24 opens into the gas 
flow channel 18 between the constriction 28 and the 
opening 50. The first channel 24 can be connected at 
the other end to a pressure gauge (see below). A sec- 
ond channel 26 runs parallel to the first channel 24 

10 through the upper reinforcement. The second channel 
26 opens into the gas flow channel 1 8 between the con- 
striction 28 and the distal end 6A. The second channel 
26 can also be connected at the other end to a pressure 
gauge (see below). 

w [0023] A gas sampling channel 32 and a dispensing 
channel 36, both of which opening into the gas flow 
channel 18 between the constriction 28 and the distal 
end 6A, also run through the upper wall 19 reinforce- 
ment. An expiratory control channel 42 runs through the 

so lower reinforcement of the wall 19. This channel opens 
into atmosphere at a point proximal to the opening 50. 
The objective of these channels 32, 36, 42 will be evi- 
dent from the following. 

[0024] One embodiment of a ventilator 4, comprising 

25 an inspiratory tube 6. will now be described, referring to 
FIGS. 4 and 5. Gas pressure and flow are generated by 
a turbine 8 connected to atmosphere in some suitable 
fashion, e.g. via a number of openings 10 etc. These 
openings 10 can be equipped with filters to keep partj- 

30 cles in breathing gas from being carried into the lungs. 
The turbine 8 is connected to a pressure tank 1 2 holding 
breathing gas, generated by the turbine 8, at a specific 
pressure. The pressure tank 12 is included so a desired 
flow of gas can be supplied to a patient more rapidly 

35 than would be the case if the turbine 8 had to generate 
flow and pressure from scratch. The pressure tank 12 is 
relatively small so it takes up less space and so the rise 
time for a pressure increase is faster with a smaller vol- 
ume. A control valve 14 is arranged after the pressure 

40 tank 12. In this instance, the control valve 14 consists of 
a scissor valve controlled by a stepper motor 16. The 
control valve 14 controls the flow of gas out of the pres- 
sure tank 12 into the gas flow channel 18 and into the 
inspiratory tube 6. The control valve 14 is also small, 

45 enabling it to respond more rapidly to control signals 
(low inertia). This means, in turn, that breathing gas with 
steep gas pressure flanks can be delivered via the con- 
trol valve 14. The gas flow channel 18 carries the 
breathing gas to the patient 4 at the distal end 6A of tie 

so inspiratory tube 6. 

[0025] The turbine 8, pressure tank 12, control valve 
14 and stepper motor 16 jointly constitute a gas flow 
generator capable of generating an optional flow of gas 
within the flow rate and pressure ranges relevant in the 

55 treatment of different kinds of patients. Even if the cited 
composition of the gas flow generator is viewed as 
advantageous, particularly in achieving fully portable 
ventilators 4, the gas flow generator can contain other 
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constituents. For example, a compressor or a Ian could 
replace the turbine 8. The turbine 8 could also be 
replaced by a source of pressurised gas, such as a gas 
cylinder or piped compressed air system. The pressure 
tank 12 can be rigid, distensible or omitted entirely. A s 
vanable-volume pressure tank could contribute to the 
generation of higher pressures by being compressible 
In principle, the control valve 14 could consist of any 
known valve. The stepper motor 16 could be omitted or 
replaced with some other known actuator, depending on w 
the control valve 14 selected. The composition of the 
gas flow generator affects the size and mobility of the 
ventilator 4. However, the same functionality is achieved 
irrespective of the composition. So the exact composi- 
tion of the gas flow generator is not relevant to use of 
the invention. 

[0026] The turbine 8 and stepper motor 16 are control- 
led by a control unit 20. Here, the control unit 20 can 
comprise hardware or software or any combination 
thereof. The control unit 20 controls all functions in the so 
ventilator 4 in order to maintain the parameters set (via 
a user interface not shown). In order to maintain the 
functions, the control unit 20 must receive information 
on pressure and flow rate. The flow rate is obtained from 
a flow meter 22 which, via the first channel 24 and the ss 
second channel 26, is connected to the distal part of the 
inspiratory tube 6. In principle, the channels 24 26 run 
parallel to the gas flow channel 18 inside the wall 19 of 
the inspiratory tube 6 and open, as described above 
into the gas flow channel 18 on either side of the con- so 
striction 28. There is a drop in the pressure of gas flow- 
ing through the constriction 28, the drop being related to 
the rate of flow. Flow can accordingly be determined by 
the flow meter 22 when pressure is measured on either 
side of the constriction 28. Since pressure is utilised in 35 
this instance for determining the rate of flow, the second 
channel 26 can be connected to a pressure gauge 30 to 
measure the pressure at the distal end 6A of the inspir- 
atory tube 6. 

[0027] It should be noted that other flow meters, suit- « 
able for location in the vicinity of the distal end 6A, could 
replace the flow meter 22. A separate channel is then 
necessary for the pressure gauge 30 in the inspiratory 
tube 6. Since the flow meter 22 determines the flow rate 
from the pressure drop across the constriction 28 the <s 
pressure signal can be obtained straight from the flow 
meter 22 instead of from a separate pressure gauge 30 
[0028] The gas sampling channel 32, which opens 
into the inspiratory tube 6 at the distal end 6A, also runs 
through the wall 19 of the inspiratory tube 6. Gas sam- so 
pies can be extracted from the gas sampling channel 32 
and analysed in a gas analysis unit 34. The gas analysis 
unit 34 appropriately comprises a pump for extracting 
the gas specimens to be analysed. The gas analysis 
can be performed to monitor carbon dioxide levels or to 55 
ensure that adequate breathing support is being pro- 
vided. Gas analysis can also be performed in order to 
check the composition of the breathing gas supplied to 



the patient 4. If sufficiently fast gas and flow meters are 
used, carbon dioxide output and oxygen consumption 
can also be determined. 

[0029] The latter is of interest when the inspiratory 
tube 6 has a dispensing channel 36 for dispensing an 
additive substance to the patient 4. The dispensing 
channel 36 is connected to a dispensing unit 38 and 
opens into the gas flow channel 18 at the distal end 6A 
The dispensing unit 38 appropriately comprises a small 
reservoir to hold the substance and appropriate driving 
means for dispensing it through the dispensing channel 
36. If the additive substance is a gas, the reservoir 
would appropriately consist of a gas cylinder containing 
the additive gas and a dispensing valve for regulating 
dispensing. The additive gas could consist of oxygen or 
some other gas, such as NO. The dispensing unit 38 
could also contain medication or an additive, in liquid or 
powder form, which is dispensed through the dispens- 
ing channel 36 into the gas flow channel 18. The addi- 
tive can be vaporised or atomised into small droplets (or 
grains of powder) and then supplied to the patient 4 in 
the breathing gas. 

[0030] An expiratory valve 40 is also connected (in the 
opening 50 according to FIG. 2) to the inspiratory tube 
6. In the illustrated embodiment, the expiratory valve 40 
is fully incorporated into the wall 19 of the inspiratory 
tube 6 so it takes up as little space as possible. A tube 
or the like can also be connected between the inspira- 
tory tube 6 and the expiratory valve 40 without affecting 
its function (as described below). 
[0031] The expiratory vafve 40 is connected to the gas 
flow channel 18 in such a way that the constriction 28 
and the orifices of the channels 24, 26, 32, 36 lie 
between the expiratory valve 40 and the distal end 6A. 
[0032] In this embodiment, the expiratory valve 40 is 
a pneumatically controlled ON/OFF valve (e. G a mush- 
room valve), tt is connected to the pressure tank 12 via 
an expiratory control channel 42 and a switching valve 
44. The expiratory control channel 42 runs inside the 
wall 19 of the inspiratory tube 6, parallel to the gas flow 
channel 18 and other channels 24, 26, 32, 36 The 
switching valve 44 is controlled by the control unit 20. 
[0033] During inspiratory phases (inhalation phases) 
the switching valve 44 is in a first position in which the 
control channel 42 is connected to the pressure tank 12 
via a first gas connection 46. The expiratory valve 44 is 
then closed with the same actuating pressure (usually 
higher than the pressure of the breathing gas delivered 
to the patient 4) as the pressure in the pressure tank 1 2 
[0034] During expiratory phases, the switching valve 
44 is switched to a second position in which the expira- 
tory valve 40 is connected to atmosphere via the control 
channel 42, the switching vafve 44 and a second qas 
connection 48. 

[0035] |f e.g. a positive end-expiratory pressure 
(PEEP) is to be maintained for the patient 4, the control 
valve 14 is regulated in such a way that a flow of gas fe 
released through the gas flow channel 18 towards the 
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patient 4, even during expiration. This flow of gas is con- 
trolled by the control unit 20 according to the pressure 
and flow rate measured between the expiratory valve 40 
and the distal end 6A. This regulated flow of gas also 
flows out through the expiratory valve 40 but simultane- 
ously serves as resistance in relation to the patient 4 
who accordingly exhales against a pressure corre- 
sponding to the selected PEEP. 
[0036] This kind of PEEP regulation was not previ- 
ously possible, especially not in portable ventilators. 
The design of the inspiratory tube 6, making it possible 
to locate pressure/flow measurement facilities between 
the expiratory valve 40 and the distal end 6A (the patient 
4), plays a decisive role. PEEP cannot be regulated and 
maintained in this way unless information is available on 
pressure/flow at the patient 4. 

[0037] This location for pressure/flow measurement 
also conveys other advantages. For example, the venti- 
lator 4 can respond more rapidly to any efforts by the 
patient 4 to inhale (i.e. triggering). The ventilator 4 can, 
in particular, immediately respond to any inspiration 
commencing during expiration. Row will then be regis- 
tered as moving towards the patient 4, and the control 
unit 20 can respond immediately, closing the expiratory 
valve 40 and introducing an inspiratory flow of gas. This 
flow starts relatively quickly, since a flow of gas is 
already being maintained in the gas flow channel 18. 
[0038] The placement of just about all the components 
in a common housing, with all the necessary gas chan- 
nels arranged in the inspiratory tube 6, makes the venti- 
lator 4 very compact and easy to use. The few parts (the 
housing and inspiratory tube 6) are easily intercon- 
nected in some suitable fashion. For example, known 
types of bayonet or pin index connectors can be used. 
No additional cords or tubing, which could become 
entangled with each other or other objects, are needed. 
[0039] As noted above, the described embodiment is 
one very advantageous version of an inspiratory tube 6 
for a fully portable ventilator that can be utilised for a 
number of different applications. For example, it can be 
used as a home ventilator for patients who do not 
require constant monitoring. It can also be used in 
ambulances or as an emergency ventilator. A third 
option is to use it for sub-acute treatment in hospitals. In 
other words, it can be employed for virtually every appli- 
cation for which a ventilator is needed. In all these 
instances, use is facilitated by the design of the inspira- 
tory tube 6. 

[0040] A portable ventilator is naturally battery-pow- 
ered. The batteries can be rechargeable, and provision 
for parallel connection to an AC power source is an obvi- 
ous option. 

[0041 ] The ventilator does not need to incorporate all 
of the above options. The inspiratory tube 6 can be 
devised for both simpler and more complex versions of 
the ventilator 4. In principle, a simple version (of the 
ventilator 4) could comprise a turbine 8, pressure tank 
12, control valve 14, stepper motor 16, control unit 20, 



flow meter 22 (doubling as a pressure gauge), inspira- 
tory tube 6 (only with the channels 18, 24, 26 and 42), 
expiratory valve 40, switching valve 44 and batteries 
(not shown). This kind of simple version of the ventilator 
s 4, utilising existing components, could be manufactured 
in about the same size as a portable cassette player or 
CD player, i.e. about 10*10*2 cm and weigh a hundred 
grams or so, 

10 Claims 

1 . An inspiratory tube (6) intended to serve at least as 
part of an inspiratory tube in a ventilator (4), com- 
prising a wall (19), a distal end (6A), a proximal ei jd. 

is a gas flow channel (1 8) for carrying a flow ol breath- 
ing gas and an opening (50) in the wall (19) at a 
specific distance from the distal end (6A) of the 
inspiratory tube (6), said opening (50) being 
devised for connection of an expiratory device (40), 

so characterised in that a constriction (28) is 
arranged in the gas flow channel (18) between the 
distal end (6A) of the inspiratory tube (6) and the 
opening (50), a first channel (26) runs inside the 
wall (19), essentially parallel to the gas flow chan- 

25 nel (18), and opens into the gas flow channel (18) 
between the distal end (6A) of the inspiratory tube 
(6) and the constriction (28) and a second channel 
(24) runs inside the wall (19), essentially parallel to 
the gas flow channel (18), and opens into the gas 

30 flow channel (1 8) between the constriction (28) and 
the opening (50), the channels (24, 26) being con- 
nectable to a pressure gauge (22, 30) for determin- 
ing the gas flow's rate of flow and pressure. 

35 2. The inspiratory tube according to claim 1 , charac- 
terised In that a dispensing channel (36) is 
arranged in the wall (19), essentially parallel to the 
gas flow channel (18), and the dispensing channel 
(36) is devised with an opening into the gas flow 

40 channel (1 8) between the opening (50) and the cis- 
tal end (6A) of the inspiratory tube (6), the dispens- 
ing channel (36) being connectable to a dispensing 
unit for dispensing an additive gas into the gas flow 
channel (18). 

45 

3. The inspiratory tube according to claims 1 or 2, 
characterised in that a gas sampling channel (32) 
is arranged in the wall (19), essentially parallel to 
the gas flow channel (18), and the gas sampling 

so channel (32) is devised with an opening into the gas 
flow channel (18) between the opening (50) and the 
distal end (6A) of the inspiratory tube (6). the gas 
sampling channel being connectable to a gas ana- 
lyser (34) for analysing the gas in the gas flow 

55 channel (18). 

4. The inspiratory tube according to any of claims 1 -3, 
characterised in that an expiratory control channel 
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(42) is arranged in the wall (19), essentially parallel 
to the gas flow channel (18), and the expiratory 
control channel (42) is devised with an opening into 
atmosphere between the opening (50) and the 
proximal end of the inspiratory tube (6), the expira- 5 
tory control channel (42) being connectable to an 
expiratory valve (40) and to a source of com- 
pressed gas (12) for controlling expiratory phases. 

The inspiratory tube according to any of claims 1-4, io 
characterised in that the constriction (28) is an 
integral part of the wall (19) of the inspiratory tube 
(6). 

The inspiratory tube according to any of the claims is 
1-5, characterised in that the wall (19) is devised 
with at least one reinforcement (21 , 23) in which at 
least one channel (24, 26, 32, 36, 42) is arranged. 

The inspiratory tube according to claim 6, charac- so 
terised in that the reinforcement (21 , 23) is devised 
in such a way that the cross-section of the inspira- 
tory tube (6) is asymmetrical. 
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FIG. 4 
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